Abstract-The principles of current filtering in three-phase three-wire power supply system at an asymmetric sinusoidal source that correspond to the actual European standard are considered. The advantages of forming a sinusoidal symmetrical input current by parallel connection of the active filter and the reactive compensator are shown. The feasibility to compensate the inactive sinusoidal Fryze's current by reactive elements under arbitrary combination of load and source parameters is proved and formula for direct calculation of the reactive compensator parameters for generation of inactive Fryze's current in the source unbalanced mode is obtained. Results of numeric modelling are given.
I. INTRODUCTION
The load unbalance of three-phase three-wire power systems causes the appearance of negative sequence currents at the points of common coupling. It leads to deterioration of the electric energy quality that manifests itself by pulsation of instantaneous power and additional losses on the transmission line impedances, as well as in unbalanced supply voltages. In most applications, passive filters consist of reactive elements are used to compensate the load asymmetry. Their calculation is based on two approaches: compensation of inactive current [1, 3, 4, 5] and elimination of instantaneous power pulsation [2, 6] . But passive reactive compensators of both types consume negative sequence currents under asymmetric voltages, that contradicts to actual standard for the electric energy quality [7] . Effective compensation of these currents is possible only by using of active filters [8] , in so doing shunt active filters (SAF) are preferable to series ones on power losses. To further reduce SAF's power losses, they are used in combination with reactive compensators [9] . Therefore, it is relevant to study the optimal distribution of load currents between a three-phase source, SAF and passive compensator with reactive elements, that provides the sinusoidal symmetrical source current and leads to a reduction of total power losses.
II. ACTIVE CURRENT VECTORS IN PHASE COORDINATES
The periodical process in a three-wire cross-section , , A B C < > is completely determined by three-coordinate vectors of the instantaneous voltage and current values
where is circular frequency of three-phase source; current vector ( ) 
supplies the same active power P as the total current ( ) t i . The scalar coefficients of formula (2) can be found in the time domain as integrals 
where ∧ is the transposition symbol, 2 / T π ω = denotes the period. The residual current
which is called inactive one [1] , does not transfer energy to the load but causes additional losses in the transmission line.
The active and inactive currents are mutually orthogonal, that is why we have for the rms current values In the sinusoidal mode of voltage source the active current vector will be sinusoidal too and it is advisable to introduce three-dimensional complex vectors (the voltage and current 3D-phasors) 0 
( ) ;
A
( ) .
Nevertheless, the two complex vectors in (5) are precisely determining the Fryze's active current in the frequency domain:
where the asterisk (*) denotes the complex conjugation, 1N i is complex inactive current vector of fundamental frequency.
In the asymmetric mode of a three-phase source, the vector u and Fryze's active current contain negative-sequence symmetrical components, which the modern standard [7] refers to the inactive components of the current to be compensated. To satisfy the requirements of the standard, the reference voltage vector for the active current must contain only positive-sequence component. We represent this vector in the frequency domain proportional to the ort of positive symmetrical sequence [5] 1 , 3 
The proportionality coefficient (9) is determined from the condition to supply the same active power P as the total current ( ) t i .
III. CURRENT DECOMPOSITIONS IN SYMMETRICAL COORDINATES
For detailed examination of difference between the vectors determined by (7) and (9), we pass to the basis of symmetric coordinates [5] . Since the each zero sequence component of considered vectors is zero, we will multiply them by a matrix that contains the transposed orts of positive and negative symmetrical sequences
As a result, we obtain the following expressions for complex voltage vectors in symmetric coordinates: 
we obtain the following expressions for complex active current vectors in symmetric coordinates:
Consumption of the Fryze's active current from the nonsymmetrical sinusoidal source does not eliminate the pulsation of active power [5] . Its instantaneous value can be determined [2] using the appropriate vector When input current is determined by the vector A+ i , the instantaneous value of the active power pulsation is The difference between the active current vectors from (10)
determines the additional compensation current. The active power of this current is zero:
and it can be implemented by SAF.
Thus, in order to realize the consumption from three-phase source current of positive-sequence active current, the main harmonic compensation current must have the following components in symmetrical coordinates 1 1 1 .
In the time domain, the compensation current vector also includes the vector of higher harmonics:
Power losses winning gain At low values of the power factor, the rms value of the compensation current increases. To reduce the active filter's power losses, it is reasonable to use SAF in combination with a passive reactive compensator.
IV. CURRENT FILTERING UNDER LINEAR TIME INVARIANT LOAD
If the load is linear time invariant (LTI), then ( ) 0 H t = i in (13), all values are sinusoidal in time domain and the energy process is completely determined in the basis of symmetrical coordinates. In this case, the compensation current vector corresponds to (12) and the sinusoidal inactive current 1N i can be completely generated by the reactive compensator both in the mode of symmetrical source voltages or asymmetric ones [5] . Therefore, in order to minimize the power losses of the SAF, it is advisable to take the currents of the reactive compensator and SAF in the complex replacement circuit (Figure 1) , respectively, the parameter R b + will always be a real number. To do this, we find the expression for the active power at given load 2 2 Re(
, then substitute this expression in the formula (17) and further in (16). After transformations we will have 2 2
First coordinates of the vectors of the formula (18) are real numbers that proves the feasibility to compensate the inactive Fryze's current by reactive elements under arbitrary combination of load and source parameters. Compensator's susceptances are determined from the system of equations (18) 
The value of admittance matrix in accordance with (16) 
MATLAB simulation in time domain was based on control strategy, described in [10] and realized on SAF's control system [11] . 
VI. CONCLUSIONS
The principle of compensating current distribution between SAF and reactive compensator of a three-phase three-wire power system with asymmetric sinusoidal voltage was proposed at which the input current is equal to the positivesequence active current and rms value of SAF's current is minimal.
It was shown that positive-sequence active current provides power loss winning gain by (14) and creates the instantaneous power pulsations with amplitude in The feasibility to compensate the inactive sinusoidal Fryze's current by reactive elements under arbitrary combination of load and source parameters was proved and expression for direct calculation of the reactive compensator parameters for generation of inactive Fryze's current in the source unbalanced mode was obtained.
The simulative example for LTI load showed that shunt hybrid filter with the specified compensating current distribution ensured a reduction of power losses in 3.273 times and rms value of the SAF's current is 12.9% of total compensation current rms value.
